Introduction {#sec1}
============

Psoriasis is the most common chronic inflammatory skin disease driven by the activated immune system. This skin pathology affects approximately 3% of the global population, depends on geographic location and has relatively same frequency in both genders \[[@cit0001]\]. First symptoms of psoriasis may appear at every age, but there are two peaks in the age-specific incidence rate: the first at the age of 20--30 (type I) and the second near the age of 60 (type II) \[[@cit0002]\]. The analyzed condition affects not only patients' appearance, but has also a harmful impact on their frame of mind. If the disease manifests once, the individual suffers from it during the whole life with episodes of psoriatic lesion eruptions and remission for no clear reason \[[@cit0003]\].

Abnormal keratinocyte differentiation and hyperproliferation, leukocyte infiltrations to dermis and blood vessel hyperplasia are the most characteristic histopathological symptoms of psoriasis \[[@cit0004]\]. The exact etiology of this disease is still not fully understood. It has been assumed that the cause of its occurrence can be associated with genetic predisposition and environmental triggering factors and it may also be related to other disorders \[[@cit0005]\].

The already performed analyses suggest many indicators involved in psoriasis development. One of them are metalloproteinases (MMPs) -- a family of zinc-dependent enzymes responsible for the stability of extracellular matrix (ECM). The proper level of those parameters is essential to maintain tissue homeostasis and skin cell function in extreme conditions. The remarkable role of the above-mentioned factors in psoriasis pathogenesis includes for instance the ECM and basal membrane (BC) macromolecules cleaving, stimulation of cell migration, tissue remodeling or epithelial apoptosis. Upregulation of only MMP-12, also known as macrophage metalloelastase, may lead to ECM and BC modification and also the activation of other matrix metalloproteinases, which can result in disease progression \[[@cit0006]--[@cit0009]\].

Broad-band (BB) UV-B alone (wavelengths between 280 and 320 nm) for the treatment of psoriasis was used for the first time in the 1970s, while narrowband ultraviolet-B (NBUVB) was introduced in 1988. Phototherapy is the second-line treatment of psoriasis, recommended when the typical therapy fails or is contraindicated or impractical. Phototherapy may result in the clearance of disease symptoms after just 5--8 weeks. This kind of treatment had the highest satisfaction rates in psoriasis lesion improvement \[[@cit0010]\].

Aim {#sec2}
===

The aim of this research was to determine the plasma levels of MMP-12 in psoriatic patients and the influence of NBUVB phototherapy course on the concentration of that enzyme. We also conducted this study to examine the association between tested human macrophage metalloelastase levels and psoriasis severity.

The data obtained in this paper may bring the information about suspected correlations of MMP-12 and psoriasis pathogenesis, advancement and its influence on the lesion improvement during a successful treatment.

Material and methods {#sec3}
====================

[Table 1](#t0001){ref-type="table"} shows the tested groups. The study included 49 plaque psoriasis patients whose condition was diagnosed and treated in the Department of Dermatology, Division of Outpatient Care, University Hospital, Bialystok, Poland, between 2013 and 2015. Assigning the participants to specific groups of disease advancement was carried out based on the Psoriasis Area and Severity Index (PASI) formulated by Fredrikson and Pettersson \[[@cit0011]\]. All patients underwent a course of narrow-band ultraviolet-B phototherapy composed of 20 sessions. Considering the fact that this kind of treatment is suitable for patients with mild and medium psoriasis advancement, the study included the patients with PASI score of 2--30.

###### 

Characteristics of psoriatic patients and the control group

  ---------------------------------------------------------------------------------------
  Study group                                                 Number of patients
  ------------------------------- ------------- ------------- ---------------------------
  Psoriasis patients:                                         49 (23 females, 26 males)

   Type                                         Plaque type   49

   Median age (range) \[years\]   39 (18--76)                 

   Severity:                      Mild                        34

  PASI \< 5                       15                          

  PASI 5--10                      19                          

  Medium                                        15            

  PASI\                           15                          
  \> 10 -- \< 30                                              

  Healthy subjects:                                           40 (19 females, 21 males)

   Median age (range) \[years\]                               36 (18--75)
  ---------------------------------------------------------------------------------------

The control group consisted of 40 healthy volunteers who had never suffered from any autoimmunological or chronic dermatological diseases.

Moreover, a key exclusion criterion in both groups was any additional pharmacotherapy.

All patients gave their informed consent to the participation in the study. The research was approved by the Biochemical Committee of the Medical University of Bialystok, approval number R-I-002/74/2014

Radiation source {#sec3.1}
----------------

The whole body irradiation was performed in a Cosmedico GP-36 phototherapy unit (Cosmedico Medical System, Stuttgart, Germany), equipped with NBUVB TL-01 100W tubes (HEINE.MED, Baden-Württemberg, Germany). The energy output was measured with a standard intrinsic UV-meter.

Phototherapy protocol {#sec3.2}
---------------------

Individual minimum erythema doses (MEDs) of NBUVB were determined before starting the exposures to prevent burns. The patients underwent 2--3 treatments weekly (to the total of 20), starting with a NBUVB dose of 0.018--0.025 J/cm^2^, and increasing by approximately 10--20% per week, up to a maximum dose of 2.015 J/cm^2^.

Biochemical analysis {#sec3.3}
--------------------

Venous blood samples were collected from each patient twice -- before the beginning and after the last -- 20^th^ -- NBUVB phototherapy treatment into a heparin sodium tube, centrifuged for 15 min at 1000 × g to obtain plasma samples and stored at --85°C until assayed. The tested cytokine (MMP-12) were measured using EIAab (Quantikine Human MMP-12 Immunoassay, Wuhan EIAab Science Co., Wuhan, China), according to the manufacturer's protocols. Duplicate samples were assessed for each patient.

The intra-assay coefficient of variation (CV%) of MMP-12 is reported to be ≤ 4.7%, while the inter-assay coefficient of variation (CV%) -- ≤ 7.3%.

The assay showed no significant cross-reactivity or interference with numerous human cytokines and other growth factors.

Statistical analysis {#sec3.4}
--------------------

The statistical analysis was performed using Program Statistica 12.0 PL. A preliminary statistical analysis revealed that the MMP-12 failed to follow a normal distribution. Consequently, the Mann-Whitney *U*-test was used for statistical analysis between psoriatic patients and the control group. Additionally, statistical analysis between the groups with different advancement of psoriasis was performed with the use of Bonferroni correction. Moreover, the Wilcoxon matched pair test was used for statistical analysis of changes in parameters between the beginning and the end of the NBUVB phototherapy treatment. The data were presented as a median, mean and range. The Spearman rank correlation was used in the correlation analysis. Statistically significant differences were defined as comparisons resulting in *p* \< 0.05.

Results {#sec4}
=======

The mean PASI score of patients enrolled in the study was 8.53 (range: 2.0--25.0). After the completion of the treatment, the mean PASI decreased to 4.74 (range: 0--18.2). The mean PASI improvement was 52%. [Table 2](#t0002){ref-type="table"} presents the median, mean values and the range of plasma levels of the investigated parameter in the tested groups. The median of MMP-12 in the total group of psoriatic patients before the beginning of NBUVB phototherapy was significantly decreased when compared to healthy individuals. After the division of the total group based on disease severity, we found significantly lower concentrations of MMP-12 in patients with a mild and medium severity (ng/ml) compared to those in the control group. Additionally, after the division of the mild group based on PASI score, we detected significantly decreased levels of macrophage metalloelastase in subgroup Ia and subgroup Ib when compared to healthy individuals. There were no significant differences in MMP-12 concentrations between the total mild group, its subgroups and the total medium group.

###### 

Plasma levels of the tested parameter in psoriatic patients and in the control group

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Group                 Groups tested      Parameter                                                                 MMP-12 \[ng/ml\]before the treatment   MMP-12 \[ng/ml\]after the treatment
  --------------------- ------------------ ------------------------------------------------------------------------- -------------------------------------- -------------------------------------
  Psoriatic patients    Total group        Median\                                                                   [^a^](#tf2-1){ref-type="table-fn"}\    [^a^](#tf2-1){ref-type="table-fn"}\
                                           Mean\                                                                     3.19\                                  2.63\
                                           Range                                                                     3.99\                                  3.77\
                                                                                                                     1.05--12.08                            0.10--13.64

  Mild                  Median\            [^a^](#tf2-1){ref-type="table-fn"}, [^b^](#tf2-2){ref-type="table-fn"}\   [^a^](#tf2-1){ref-type="table-fn"}\    
                        Mean\              3.51\                                                                     2.60\                                  
                        Range              4.18\                                                                     3.89\                                  
                                           1.05--12.08                                                               0.10--13.64                            

  Mild -- Subgroup Ia   Median\            [^a^](#tf2-1){ref-type="table-fn"}\                                       [^a^](#tf2-1){ref-type="table-fn"}\    
                        Mean\              3.58\                                                                     3.27\                                  
                        Range              3.95\                                                                     3.78\                                  
                                           1.42--12.08                                                               1.09--13.64                            

  Mild -- Subgroup Ib   Median\            [^a^](#tf2-1){ref-type="table-fn"},[^b^](#tf2-2){ref-type="table-fn"}\    [^a^](#tf2-1){ref-type="table-fn"}\    
                        Mean\              3.44\                                                                     2.36\                                  
                        Range              4.37\                                                                     3.99\                                  
                                           1.05--11.01                                                               0.10--11.88                            

  Medium                Median\            [^a^](#tf2-1){ref-type="table-fn"}\                                       [^a^](#tf2-1){ref-type="table-fn"}\    
                        Mean\              2.395\                                                                    2.63\                                  
                        Range              3.57\                                                                     3.49\                                  
                                           1.196--10.68                                                              0.95--11.36                            

  Control\              Healthy subjects   Median\                                                                   6.02\                                  
  group                                    Mean\                                                                     6.796\                                 
                                           Range                                                                     1.01--13.54                            
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Statistically significant when psoriatic patients are compared with healthy subjects

statistically significant when pretreatment concentration are compared to post-treatment levels.

The Spearman rank correlation was used in the dependence analyses of the investigated parameter. We observed no associations between the concentrations of the analyzed parameters and disease severity, age, gender or duration of psoriatic disease.

The course of NBUVB phototherapy changed the concentrations of the tested enzyme. After 20 radiations, the plasma levels of MMP-12 were lower than before the commencement of the treatment but this change was not statistically significant when compared to pretreatment values. Furthermore, we noticed significantly declined concentrations of the chosen enzyme in patients with mild disease advancement, but not in the medium group. Moreover, based on PASI score we found significantly decreased plasma levels of MMP-12 in subgroup Ib. The post-treatment value of MMP-12 was significantly lower in the total group and all subgroups when compared to control cases. There were no statistically significant differences in macrophage metalloelastase concentrations between the total mild group, its subgroups and the medium group after the NBUVB therapy course.

Discussion {#sec5}
==========

Matrix metalloproteinase 12 was detected and described as an enzyme secreted by inflammatory macrophages \[[@cit0012]\]. MMP-12 presents a various substrate specificity and is able to degrade matrix components such as: recognizing elastin, type IV collagen, laminins, entactin, vitronectin, α~1~-antitrypsin and fibronectin. Moreover, many studies demonstrated the implication of macrophage metalloelastase in a large number of inflammatory and degenerative conditions, including atherosclerosis, chronic pulmonary inflammation and fibrosis, cancers, skin and kidney diseases. Increased concentrations of MMP-12 were detected also in the serum of patients suffering from systemic sclerosis \[[@cit0013]--[@cit0015]\].

An important aim of this study was to evaluate the plasma levels of MMP-12 in psoriatic patients depending on disease advancement.

During psoriasis eruption, cellular composition of the epidermis is significantly modified by infiltrating immune cells. In fact, nearly 20 million of the total 28--30 million body lymphocytes migrate to the sites of damage. The following are present in the dermis: an inflammatory infiltrate composed of lymphocytes, macrophages, mast cells and neutrophils \[[@cit0004], [@cit0016]\]. Disturbed synthesis of MMPs may result from the abnormal cytokine production by infiltrating inflammatory cells (e.g. TNF-α, IL-1, IFN-γ, IL-6, TGF-α, EGF) \[[@cit0017]\].

As regards available literature, we found no papers on the concentrations of MMP-12 in the serum or plasma of psoriatic patients. Suomela *et al.* demonstrated that MMP-12 was expressed in psoriatic lesions, but not in non-lesional skin \[[@cit0018]\]. Their observations are in line with those performed by Starodubtseva *et al*. \[[@cit0019]\]. There have been a few studies describing other metalloproteinases in psoriatic patients. For instance, Flisiak *et al*. detected significantly increased levels of MMP-1 in the plasma of psoriatic patients compared to healthy controls \[[@cit0020]\]. Significantly higher serum concentrations of MMP-3 and MMP-9 in psoriatic patients were also observed by other authors \[[@cit0021], [@cit0022]\].

The onset and development of psoriasis is commenced with the processes of angiogenesis in the superficial dermal microvasculature. Dermal papillary capillaries are prominently elongated and show increased tortuosity, dilatation and permeability. These morphological disorders appear prior to those visible on the epidermis \[[@cit0014]\]. Interestingly, it has been shown that MMP-12 is capable of transforming plasminogen into angiostatin, a crucial inhibitor of endothelial cell proliferation and angiogenesis. In fact, the overexpression of MMP-12 seems to correlate with decreased angiogenesis and vascular invasion in cancer, and suppress tumor angiogenesis in animal models \[[@cit0023], [@cit0024]\].

In the view of this commonly known information, our findings seem to be vital. According to our study, macrophage metalloelastase concentrations were significantly decreased compared to healthy individuals, and they declined with the increase in disease severity. These data indicate that the more intensive angiogenesis, the more extended the psoriatic scales \[[@cit0015]\].

The alteration of the cytokine profile, induction of apoptosis and immunosuppression promotion are the most known mechanisms determining the usefulness and effectiveness of NBUVB phototherapy in the treatment of psoriasis and many other skin disorders \[[@cit0010], [@cit0025]\]. Furthermore, clinical improvement of psoriasis by NBUVB is connected with the downregulation of IL-17 pathway, also type I and type II interferon (IFN) signaling pathways -- the processes which are critical in the pathogenesis of the disease \[[@cit0026]\]. The data obtained by Racz *et al.* showed that clinically effective NBUVB therapy was also based on the suppression of a wide range of important molecular pathways in psoriatic skin \[[@cit0027], [@cit0028]\].

Our research demonstrated that the NBUVB phototherapy course decreased the concentration of MMP-12, but this change was not statistically significant in the total group. Probably, the absence of that significance was caused by the lack of patients with advanced psoriasis in the analyzed group. The reason determining this kind of cohort selection is that NBUVB phototherapy is recommended, used and found effective, especially in case of people with a mild and moderate disease. The division of the total group based on disease advancement revealed that macrophage metalloelastase levels decreased statistically significantly in patients with a mild disease advancement when comparing post-treatment to pre-treatment values. This information suggested that patients with mild lesions are most sensitive to this kind of treatment.

Our observations indicate that MMP-12 seems to be a negatively reacting plasma biomarker of psoriasis. If so, after NBUVB therapy, because the disease is ameliorated, MMP-12 levels should be up-regulated. However opposite results were shown in the study. The reason explaining this fact is time of blood collection. We collected samples shortly after last NBUVB treatment, which is connected with a decrease in plasma MMP-12 due to the acute cell death induced by NBUVB. There is a big possibility that during the chronic phase, MMP-12 levels would bounce back.

As we mentioned before, there are no previous works on MMP-12 levels in psoriatic patients and the influence of any kind of treatment on that value. Flisiak *et al.* analyzed the influence of a typical application of 5% salicyl treatment, and stated that such therapy resulted in a decrease in MMP-1 levels of psoriatic patients \[[@cit0029]\]. The same tendency has been demonstrated by another research team who observed that UVA phototherapy caused the decrease in MMP-1 concentration \[[@cit0030]\].

Conclusions {#sec6}
===========

Decreased synthesis of MMP-12 may lead to the stimulation of the epidermal angiogenesis process, which results in the appearance and spread of psoriatic scales. According to this information, MMP-12 seems to be a negatively reacting plasma biomarker of the studied disease. In view of insufficient bibliographic data available, this study needs to be expanded to scale concentrations of the analyzed enzyme, also blood examinations in the chronic phase after NBUVB treatment and thus it is our further research plan to prove the theory presented in this paper.
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